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i 




H-^ MUY pTI 






CO 



rm^w >soo* PARIS (ip^pk > 



1 



EPS 6 81 3 309 A2 



2: 



Backer otJ rad of th i ^ \n vi0na Ion 

ilon^ with ^rror cofreet^goocteris irt^a coirrinimtealiOrt ipr 

sJorage system 

Communtcai^on of signaJs invarjabfy has t6 deai 
wib iransmissiof: o? signals through a channel where 
errQfs are iritrodycod f^5<S, 1 pf ^seot$ the block dtagram 
a pfior art arfajrigeirient for sueh arl envirdhmerll, 
where ttie input signals are fsi^t applied tc^ encdd^ 
th^ ertcpded srgo^fs a ji© passed on to inlarieaver 200, 
iha Ifiterlaaved s^ri^^s are madtiMted in bJock 300 and 
thB mpdtilated signals are applied to the chaonel, Th^ 
signals mcewed jrc>n1 tf^e ehgnn^er^a damocSul^t^d ir> 
b iDCk 400, deinierlfigftrtstl sjiif block SOO and d€i<^ 
m in tolocfe tp^ f ep^^ signals ihtQei^podiir 

idb. (In the preaerit fl^uslrathi'e 
called "^igfiar is a d^gitat slgnaicornp 
fejtjt qther Ofrifc^odim^nts eac?li $lgrial may comprise any 
rit;mber of bitS; rncitidjrrg on© bit. Sn many coriSexi^, th& 
"s^ignar imy l>0 ijinder sto^ to ba a ''^ynr^boJ- of a so- 
called ^ignalconj^ielMon.) 

Ifttefleawer 200 is mlerpoSiEtd in Une system i^ c^fdi&r 

int© rt^aver iaOO dJsp«f a*^^^^ t irtieiPfjor 

to modulMton , so th^f bwf^^^ errbrs With a large humiaer 
Of errors in a short {ime spah, do not alf ect too many of 
adlacQrtt signals of the od^inal uriinterseaved stgrrafs, 
Corsv^fs^iy; wHer^ coRsliiefjhg the sigiri cqftiirtg 1mm 
ths c^ani^el, errcfs that are closely spa0e<i sri irm^ lb 
aach otii^rare ^^^3^spe^s^id at ih0 qjjtpgi of the deinter- 
Jdavdrio fae fer apart if orn «ach other. The consequenoat 
of this dispersing is ^m^^^ 

th9 inptit signals ^3nt^r^d into ©n<5CxiBr lOD by virfue of 
ths tsrror-corfecfeg redundancy ihdtudiQd In ?he signa!^ 
whjcti deccdsr 600 utilizes. 

it also vyels Knowri thjat modulator 300 ^isf wi^K as 
dfemcjdulfiiiof tnay bie subsysterns 4l:>at: iti0ms^ltf^& 
inciude codfng and dei:od[ng> F«( example, jiipdiiSati&r 
300 may include a front end sectiOrv th^ fe a If efliis 
coder Correspondihgly, tho tail-erfdb( dejyiodiJlatOf 4bti 
would irtcigd^ a Vitertj i decoder. 

Ef^-A*074S$0SS (Amrany^ disiqloses a systemaite 
conv6fytranalihteftesV6farr^ni£(einri^ Whteh thelnpui: 
signals oJ an associated error eorrectjng encoder are 
treated as if they j-^ad been pre-inlerSeavedm e very par- 
ticuisr way so that tho ordor of the input sigpnals ol the 
eneodar is nol a?lared wher^ It is iransrnttted to the qhan- 
m\. lo the armnge*m«nts disclosed in tb© i^r^riy pa^ 
^ppllcalior>: ^i>£5C$issjv@ siignal^ of eacii airror correcting 
dodfe as^^^t^i, ^ gi; a Rejed-SoJOmori cpdei^ aim 
separated in ttie friier!ipawed stream by a coftstaot 



amount equal to the so-callsid decoding depth. By eor^- 
\t\ syslematrc convolution a I tnteriaaver arrange- 
ffi ant$ enit^ying the pr ifjeiiplas ol the preseni invan- 
tion , that ^para^lon not n^essariiy constant and. 

B qe04 is gifsailer than the dec^^ lor at lea^t cerr 

taihmiiscesisjva ones o\ the signals ciDfTiprismg a partic- 
ular eodeword. This IS advar^ia^eoua in that, for a^am^ 
pl9> tho increased avaraga separation of signals 
comprisfog ^ parifcuJar codav^rd enhances th^ sys- 

^ 0 tern's ability |q withstand burst errors in the ctianneK 
additfpri, if the iriterleaving which provides the aforesaid 
ih<;fea sod Reparation is csarned out in a paJliciiiar 
as described her^|ni^ej<^ dainteriea^/ihg process 
can ba advantageously irrip^ennenled using actual delay 

?5 Sines, a3 opposad to rar^donn access memories which 
afTiulate delay lines. This is adyantaseous in that g 
a partieuiar implerrieritatipnal ii^chhotaSy;: a ^gv, tyiQS c;ir- 
cuitrvf. aetii^l deliay jine^^ ba <?$)e^^^ 
higher IhraughpiJt th^^h a 

^ Una emulauons, th&^bj^ f liclliia^ ih© ose d the in ven- 
tion in h«glri'<laila-ipirad appl^^^ 

Bf\^i Cte»ftrlption ot thft Drawing 

^& PUG, t shows a prior ^fi c^ 

ment with airvmiertaaii^r and inter* 
pd&ed tner«batw$e^ 

FJO 2 depicts a prior art bJpcIc 

FIG. 3 s^Sows a prior art convolutionsi intet'leaver 

and srieinierl^aver; 

FIG , 4 illustrates a^y^tornatic block interleayef isug- 
gas tad by Galsagar: 

f IG. 3 pr^^ants a picldiiaJ overview ar^ illustrativei 
strearn of incoming Read -Sotempn code wq^ Sig* 
55 r^als. pursLiar>? io an Irtystraltve efmbodtnriarit of the 

invent ion; 

FJi3. 6 provides a systematic c On vofulkanaf: inter* 
leaver ?or the si^r^al stream of Fli^ 5; 
FtO 7 iJiustiales a systernatic convolytional deiri- 
4i> terleavef adaplacf to ?es;ppnd to ^ignf ti^ cfevefpped 
by tha intar leaver of Fife. 6j ahd 
FIG 8 priesents a piciofial <3^?0wievv andther 
ittMsti^atiT^e $lfeigim of incoming Beed-Sdlornpn 
codiewordiaignaii&, 

Etetaited Descrimton 

FfG; 2 pfiesents a SffTipie implemeifltaiiOn ol^a 
yentional block Mefjeaver 200. Vyh<^ 
arrar>g©ment seeks to iififefleav© ^=leed-SolaiTJOf'» <RS) 
Godewords of length 1 20 sigrtals tb a dept^y of 30 coda- 
wordSf all that is rieeded is a matm sueh as depicted m 
FfG 2, which can bo vicwod to comprise 30 rows and 
t20 columns of signals. Intarlaavlnp is accortiprkShed by 
4f5 WflUag fRCbnilng $r^nals sequemiaJly into the si^ 
maifix and thas poptifaifing th© rr^Xm a row at a time?, 
fe ir^iertesiretf output is obtaHed^b^^ reading signals otit 
of the rriatrix a cdftomn at a Flow i , for^?caiiipta, 
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consists Gf 120 sEgi>8l!5 Co^ns^ Co^^^g,.. /Cq ^ of the 0^ 
CDcfewvord. Cc^rr e^pondingly, <20lL^mfi 1 consist of Oq_^ ^ 
^1,11 5 • G29 >r9' ^^^f^ <^W^spc^ first Bignai^oi 

the 0^^, . and 23f^ todewbi^ ThJ$ arfaTigoment Is 
6aid ^ provide an mi^j^ ©pfjr^g dep^h ol 30 sighiafs be-^ 
cause sueeessive signals of the isame codeword are 
d^ys&d to $0 ^igr>ajs apart the tnfi&rleavi&d; sigrtaJ 
stream, 

^ bk>ck d^imi^rJeayer can be id^n^i to the btoek 
tntfer^^aver of FI0 ^ Tf^e overall memorv r^quirem 
for inierleavw and d^ifiterteaver, Ihere^ is at 
least 7,20C S5gr>a!s,^pcj the 9^ b^tw^0n the 

inpuj iQihie imer leave rartrflheidi^ 

:Ff<3. 3 press^fiis © Bimpi© embocfiiment of a conv 

the sam© imer^eaving depth 0^ 3t) signa^^^ conv^Dfo- 
f/ons/ imi^;/eayer?scrj© where wilhfn any sele^^^ block 
Of signals in the inteHeavtid signai stream, tti^re i^xjsts 
at to^t on© cosdievypKS wm^ 

iri FIG. 3> th^: mprni?^ appear m rine 24, 

260 {rs0i© that register 20^1^ 

for©: ^impsy a Gonrtactkxi), arid succ^^slve signals on 
line 24 are applied Iosuogo^sjvo deiay eJemerit^v Switch 
31 at Ih© outptit of the iriterlaav^r is syniShremi^^ with 
switch 25 , resyfeg irj ari inter ieayoci oyjptit emanating 
from swfteh 31 In pariifiiii^r» wherv the incoming signal 
^ifeaim to the FIG a ajta^ 



^nd vifhere signal 0^,^© is stuftetJ iiito^^d^^ 
20 1 V the QtJipyt at ^Witeh 31 of RG 3 i3 
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jf^s can be ob^efved iForn th0 si9haJ& ihai tJ^ic^g 
to the same f^S codeword are si^p^f^M a^ optptit 

of swi-!eh' $r''by:at •1feast:''3G--;sf^n^fe-^-(e^§:; i(>^;^^^.-:arjd: 

FIG 3 shows a d^snters saver thai performs the 
inverse Qperatk:in0tth0e6hvolutie^ia!m 
also oe noied th^ the TP^TOiy f equl^ delay 
at the Fl^3 3 ir^terieavet^etnlefleay j^^ cpri^iderab^y 

and ji^e hier^eav^ deJay is also 

3,480 si0r>a1^ 

The inter^eavafs of F^GS 2 and 3 are not "system^ 
alic" because ihe oftfer of the Input signal^ i^ attered by 
Ih© iritedeaver ISIan-systeiTiaJfc interlieavers baiwe a 
nuinb«rof p?ofe»len^^^ Fi?^, t iififr ref?elv^r ©artrt^^ iskip the 
deinter^eavef it tt chooses to skip the associated decod- 
dr. T^te d^ifjterte^v^^^ 

S0cQrid, bi^rsty errors t5iat eaf>ncrt^^^te by the 

decoder wlH be spr^d by the deinterieav^r it turns oiii 
that vai^ous appJksat bn^^ a number 

pf errairs cqn$:eht)fatied Jn time than to SMf!>er the $arne 
rtunr^ber c*S errors <:»(e*^ ari e3iieh^ in jsuch 

cases, thief^fQ^fffpf^d^ 



errors %% rtox desifabie. 

The CdnvMioriarencoder-inierfeavef anran^ema^ 
of G . 1 requires ofily a sintgile encgd^n In '^InterrnatbH 
Theory and l^iiabJe eomrnUrtfc^^ 

^ J^o Wiley & 85iris, I96a. pp, ^8&ei seq.. a mor^ ^om- 
pJex atrar^gertterit pyi^seht^d with a pJUf^iity of ericod- 
er This piurajity ol eneoder s aims to replace the com- 
binatlon o\ the encoder and block inlerleaver oi fta t . 
Aithou 0h no specittc erribccliment is depicted for the en- 
coders^ Of for any means te cpritiFic^iing the snpodere, 
the (Manager depletion doe© euggeet; tl?iat a systematic 
bfock inlerleaver can be raattod tf^rbugh the uee oi a 
switch at the irtptJt arid a ^switch at the output of the piu:* 
miity «sf ehi2<^ers. it ijj n<^^^^^ 

t$ however. ' 

The Gal lager structure; depicted in FIQ; 4> presertts 
a hardware and/or speed pe^i^tty at the decoder^ in one 
decoding embodiment tt appears that 30 eeparme da- 
cpclera riiuet b^ used, with th^ signals appropriately 
rdftiied toiiidse decoders Jn another embodiment. W ap- 
pears that a iieihterleaver vvoutd need tK> be used fet 
(like fhe orie depicted ir^ FIG. 2), followed by a very fast 
deG<xfer In either case, the <^ 
cialSy unattractiva 

The chaiiersge is to devotop ^ Isy^tettiatfci^ ^sdrtyQlw^ 
tional, intertoaver ih order to ayaid ttiie two problems de- 
scribed above ih dorffi^cijoft wfe^ eV^teifi^^iS bli^ 
teiay^e^fe. lifideed, One such type prsy$temst£k;, cbnvo 
tJiciriaj! interreav^r i^ described in EP-A^748056 (Amra- 
m ■ -hy); ' ■ 

I r> the ar^anQements disclosed in th<^^^A^ patent 
^pjfe^iori, $ucc0ssiye s of each error oprrectirtg. 
code codeword, e.g. a Reed-Solomon codeword, ara 
separated iri the inter feaved strearri b^ a 0n$t^ht 

3S amouni equal to the so-casred decoding depth. I ndaed. 
stich an appjrpach is implemented in the interleaving 
ischeme depicted in FIG 8 hereof and descr (bed below 

By contrast, in ayslematic 
arrangements embodyir^g the princ^iple^ of the present 
fnventipn, that jsep^ratipin Is not necessaf iiy cpri^tant 
and; indeed, i^ grafter than the decoding depth for at 
ieasit certain suc^es^iy^ c*Ties oi ihie 
la paHicvifer cpd^i&rd^ thiie assume tliai each PIS cdde^ 
word compri^s 116 input sf^naJs and 4 redtjndant ^tg- 

^5 nais, and assume that the ihptjt signals coma in the or- 
der <jl 
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Cc^ceptuaUift ibw cah jrnrh«diiati^iy aeW^ 
rediundani si§naFl[i$ to the abpiyfa $tfeam^^(^^ c^i^ be 
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thought to b0 at thts point) to ret&uJt in the slraarr? 
Cm+lJ-Jfif ^m.?U< 0jin.2?A' ^m-2&.0»" 

A pictoriarview of this stream $s presented in FiQ. 5 
ti $s df^picied jon the form of 30 pafallei sigr^al paih^. or 
"rai^s," that have bssn muKipJexed onto a single stream , 
yhrcLsgha switch t^iai cyclical Jycc?nnects ail ot th^ sig- 

In «ccorc*anc© wjth the principles discip^ed herein, 
gjvert the assumed stQrtifieance of these aignate vis-a- 
vis tneir relationships to each other and to the RS code- 
words, ^ppropnat€i rotJting o\ ihe ^igna{$ lo a plurality of 
coders, and routing of thQ plurality of coded signais into 
a single stream o* output stgna's yields, in affect, a sys- 
tenrtatic convofutional interleaver. 

FIG. 6 presents a structure !hai is reaponsive to the 
specific signal stre^s^ri described above. While it is sim- 
iter to Jh© stfucSum shown <n FIG. 4. it rouies the mput 
si^aais difter^ntty, and achieves a highly Improved re- 

SXiU 

In , 6, the irspyi signal stream is applied to roiJter 
10 which comprises a switch tnat. responsive to cor^troJ 
sigr^sJsfrxpm co^^trcller 15, di$!.f1buies the incorjfiinQ sig- 
nals to Its 30 QiJtpui s Each oulpiJt ot roister 1 0 is coupled 
to a corresponding Reed-Sotamoa (RS) coder and 
the outputs of the SO RS qoders are routed io a common 
output port through rooter 30, Router 30 and the RS cod- 
ers are a\$o responsive to controller 1 6 which imple- 
ments the routmg procedure described beJow 

In operation, router 10 needs to cycle through RS 
coders 20-1 through 20-^9 for 4 cycles, while skipping 
RS coder 20-30, Dursng those 4 cycles, RS ^oder 20-30 
receives no input (or the nuJi inptJt of Oq^^. Cq Cq 
and Cu t)) and router 30 cycles through RS coders 20-1 
through 20-30 lor the 4 cycJes. Thereafter, romei 10 cy- 
cles ihrough f^S qoder 20-^ througr^ 20-2^ for 4 cycles 
while skjppfng cod>Si- i^0-2:9 j^nc^i romtif 30cyck>s^ Jhrf:Ju'gh 
RS coders 20-30 Jhrough 20-29 for the 4 cycles, and so 
the process com in iie s 

ir It is assymesi:^ Jhai Cgg ,^^, is insetted into BS cod- 
er 20*1 U'jen^ acceding u> the descripik:>a above^ ihe 
rtext three sampfe^i lhat are inserted into RS coder 20-1 
are C^^j tie ^29 n those 4 

cycles, when 4 is tnserted into RS coder 20-29* the 
cyciing see^uence of router 10 is aHe red and the next 
clock advartces th^ rout5ng to RS coder 20-30, At that 
pointy the RS codes 20-30 is reset and» according to ih& 
description eet Jor h above, th& C^o tig* entered into 
5^S coder (starting to aecumuiate input signals 
a new RS codeifei^rd), and at the neirt clock period 



Oasjis <^ ^"^^^'^ 

Qjf ecting attention specifically Id a particutar coder, 
such as RS coder 20-1, ft is seen thai the above-cSis- 
dosed cycBnepi^^ 

.5; 

1 ) it roiJtes the input signals 

ticular eodeworxi to a specific RS codef, 

2) after 29 of the 4 cycle intervals, an RS coder has 
received the fuJI set gf t ^d 

10 3> thereaJtei; the RS eocteif is iett wrth: rip (or hmJI) 
RTputsjbr <^ i\im the 

RS coder ot^tputs the 4 ?edu^ 

donsequentlyvthe st ream of output ^igfsals of router 
3D is H the Ord^f of the abiEin^ $igh]^)W 
to mi, 

117 * ^m-Ll15 > ^m-^.10^ ■ ^nv2d> ^m^a^.l ' 

^m* 1 i-ktiB ■ iw jii * Pm-^ t^TOiS i V > Pm-a7.4> PfHi2&ie" - 

eonfifrrting that the FJG. 6 arrangement is a systematic 
inf eyleayer {e)ceept that some redundani non-nuH ssg- 

30 mSsara inserted al appropriate p lac as). 

From the above Jt Is seen thai the appfopria^^^ 
ding or roi.ners 10 an<:^ 30 and resetting of me BS eri- 
coders are all that is necessary to irripl€»merii obntrotJer 
13, and such can be easily accompl^sHed with a few 

^5 counters arid some corribihatorisjl lpgic, 

Q 7 shows a systematic convDiutional deinter- 
leavei' adapted to respond 10 signais d^vefoped by the 
interteaver pf FfG^ 6. The F^G, 7 arrangement Includes 
a series connection of a switch 40, a first deinterJeaver 
42 oomprising detay eierrients. a swrtch 43. a decoder 
jnpwt buffer 51 , a decoder 50, a swHch 61. a second 
de¥hserleaver^^ delay elements, and a 

switch 63; deinterlaaver 42, each deiay element 
42'i «ntfodi3C€s a delay of ((116 - 4i)x30> signal {wUh | 

.^^ rarvgjng from 0 SO 29). arsd within deintef leaver 60 delay 
element 60-j sntiroduces adelay ^4jx30), Switches 4p 
and 43 are synchronized Consequen^ty. wher* the 
t^m»r>g streafj^ or signals is arraaged to (risetf .j^g 
into delay the signaiJs belor^ging to a paftbwlar 

^i) codfeword appeir iioricurrehtiy as the otitpwt pt deinter- 
baver 42, aliowing decoder SG to correct errors Of 
coufse. decoder 50 could merely raise an a la mrj. or sim* 
ply inform the system that ar^ error has b son detected, 
To bs more precise, during the interval that signals 

urn inserted Into delay eiements 42-1;, 42'^3*-v 
42-^26 ahd 42^29, respectively, the outputs of theme de- 
lay elerrients correspor^ tp 
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The foifo^M^g feme sycfes^^y si^Ttals 

^m-29.nT' ^rt»-2^1l3^ ^rt^iO^.' piTl'S9.S»^rn-aS.V 

and that eomplmos me ^ntifte eodeiA^^ 
however, neects 16 prwess th 

in the ord&f 

The tQ?H df f ear mn^ir?^ the ^ftqu^nse falls to buffer 51. 
thsfealt^f, ttekjbd^SO deec^ corrects 
©r rxsrs {if corirgGSaM;§ errors and jf ihat is jfi^ ds- 
stred mod© of cp^f^liort); ari<i outp^^^ 
codeword into d<3in?er!^aver6Q wNd^ Ihalac- 
Uon of d©rn?ef weaver 42 

In ifis simplest }om, mnm 31 eao cqfnpRSe iwd 
mersTorifeSi each of which eon laljis 120 si^ 
on© memory Eg Jpad^d wit^^ memory 
ia prqqei5S;|sci tsy de£^&^ Decoder SO m con- 
Ventiiiriai d^c6der adapt©?^ for s?^^^ code ernpfoyed. 
which ihm^ismdem^ aiisoriv^ RS cSe- 

coder, 

A&sumir^g that ^i ^gikes decodejr SO a t2Q signal in- 
tefvas to decode Qh'^ RS codeword arid; thus when ihs 
PMlf?ut of d^mterj^v^r 42 co^resparids ip cad© ward 

the ©btput <>f d^cedfer SO axres^^ 
word' rhrStv :'-D^rjTiieirfeB^^ -^irs?:! '^^ivJtfehbsf ' i^J^-^^sn?!? f 
r acrsfj ta th^ stream st the tnpwt of swftoh 40. Irt aiurh^ the 
arrangement of Fie ? arije^ a 3 VccKdem»r<i cJe^s^ 

C€3 naih s^ei^r dfet^en^foiis ri^do j^t this 
■point. 

the ir^piil signg^J Mream, $Mch as that shown a& b& 
ing applied tp route^r tO in Fi^3v 6^ idan ch^raciariiz^ 
as cpmprisilng U ir^ ^tgtm ^^ mi^ 
trativ^ty N = 30 ) , Ihos^ being the N seqMcncefS that ar© 
appij^d ID RS codes ihrou^!^ 20-30, Th^ b^^^ 

signal stream, such as that shd wn b^ifig pf cviddd at 
the Qytpui csf muter 30, cgn he characterized ^s o&n^ 
prisjrtg N qutput signal i&bquenc0s IhosbMing thci t4 
aequ^nqs^ lhat af^t ^enerat^d^y R3 coders 20*1; 
ttitDUgh 20^30, Itia^^^ same inj>ul signals that 

ar^ g^pfi0jSitc> th^ RS cod^r^^ 

of those cod®?^. au^ented bv r^ciyndant sff^na!?^ Tnis 
impla?inents a so^a^fe?::^ s^rr^a^io coc^^ji; (By cm^r^?si 
in a npn-systematic^<3d©r, ihe dytpui ^ignals-alt hough 
equai io nurnb^f ^0 output stgnaJs thai am pfOVtd^d 
in sysl esn^itic coc^f cas^-<|b nip snc(yd^ tepetlilcm 
of the input Sf^nisrs/ F^itni&ii m^ i^ mia ioitji^pLii sig- 
nals are ali dilf^r^nllmm the injiut signate . U^i dt ih ^ 
term ^systemattc' as ^ j f etates to !ht coders j^hpq Id not 
bo ecnf u&c<:^ with oi^^ that that terni a$ ii (^laiej^^ 
inter^saving, as dascjdl^ed har^in.) 

any ^vaht, nc^ rnait^f wh«lhef the coding is sys^ 
tematic dr ndn^sy^^^fh^tic^ rrtak0 a i^ani^fiG 

i^tatement abc?!t*t viirti^ matk^is mi? tnt^iieiaiiirth^ irn- 
pjemsnited fn #1CSS. ^ ai^ 6 sysJ^??>$tfc torlea^g; 



That genenc statement is that successive input signals 
ol each ot the input sigriarsequqnc^s c^^n be pqigitfi^ 
mapped iQ^ucc^ssrye outpiif^ 
sng pyJp^ sequeniSMgt wh»^ 
5 sigfnats <:rf oysraH ^npyi signal stream c^h be pbsi- 
tsOfiaHy rt^sipped to successive signais of ihB overaM en- 
coded output signal stream Such a rtrajpptn^ cafi b© 
made ^aven though the oyerail diit^ut strearn includes 
mora signals thart Iha input stream because of t^e in^ 
70 traduGtiqn of redMOC^t eignate by the RS coders. More- 
oyer, mfe gein^ric $it^emi^|t 4^ 
coding is systematm Or non-systematic and whether or 
not the coding is of tho block type or ie of the? convdlti- 
tbnaJ type, the latter baing described he rembebw 

^S Note, moreover, lhan in sccof dance with thi^ inven* 
tion, the eepa ration between xn^ successive signate irf 
each ouiput ^isnfi j seqMence i$ rm ednstanti/ eqaaf 
the decodingi ii^pxh N tSii, jpather; is greater than the da* 
doding depth N for at least certain ^ucCG^sive ones of 

^ the signats in each cuipur sequence. In parti citila^. a^ 
c^n beseen by referring toFlGS: 5and6, the ^^p^mtipn 
betweaf^ each of the sjjgnate 0,^* 11 9> *i7. 

is equal to H (e. gi:. 30), but the separatior> be- 
tween the sisrnaia> C^^ |, ^ i^mmf iP ^ ) 

^5 3 1 ). th^g a<dvS!tit%^^^ th«d:i f dr^arnple, the 

a partibtJlatif i^code\A^rd fenharices the sy^ 
to v;flthstar)d fcjufst errors in the chanriel; This incraas© 
the average separation of the sijgnals cbrnprising a 
^(^ p^flicuiar Codeword of a part iculaf output signal ;S0- 
C|uenCQ comes a expense dl a dedrea^^^d i^ep?^ 
tlqp Isetween tha last signal of each cpdewisfd and 
first Bi^hai d #ie fd^ 

However, sinfeo the different codewbrds ard^ 
ently decoded, the loss^ of that sepafailon does not del- 
eieriousiy affect the overall abiJ% of t h a sysiem to pro* 
vide accurate decoding An overail incf'^ase id ih0 ii^t9ii|ity 
to withstand burst errors in thus provided: 

More particulafly. the schernerepreser^ed by FIGS. 
S and 6 can be described by observing that 6ach dulput 
Signal sequence comprjses a plurality of subsetqi^ences, 
tn t?iis embbdirtiorit, each subsequeric S com- 

pnses d ^ 4 Signals. That is; ibqkifsg at the outpijt sbt 
quence cort^rim^ Q^^^^^^^^^ Qt^^H can; be. 

seen to conipris^ the 4-signai sybsequ^nce C^fhiidr 
9rry.m' Om^,i 7v ^ 6- on the topmost; ^Iginai. piaH or 
'fair 01 Fic^ 5 fptiowed by the 4~^igrial subeecjuehce 
ii4' ^fn,ti3v ^mM^ <^ i^e second-to-topr 
most sJgnat jijSrth, ot "mW" of FiQ . 5, eto Observe that 
vi^itte the signals wiihin a subsequence are spacedfronn 
one another by H in the output signal stream ot FIG. 6 
tJie fasi signal of the subsequence is spaced from the 
first signarof iho neKl subsequence jby moi^e than ^i- 
illiistraiiveiy by |N 4 i^^^ 
M OrxB ^ai arrangement of sig- 

nals as repjresented by the example of F Id s, S and 6 by 
ebnceptuaiiy Tegafdsng all o( the various s as be- 
kSFsg pajfhs, or 
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•fails'* of Fi 0, 5; (ii^hQtitd be npted at point that th© 
use erf the lerm "r^-t ■ arid^r the depjq^^ the sjgnals 
as b^iriQ airart^ei:^ in ^uch raif^ do^ no? irnply thai it>a 
signals of a partcsj^ar mif can necessarily be found as 
spp^ring on ciff ^r^nt physical JeacJs. Flather. th© notion 5 
of mife is ysd^ hiSf^ir> asi a way of defining yot another 
conceptual grouping of the signafe jr^ additbrs to lhair 
groupings into, fe? exampjeV Re^d-Solonnon code- 
words ) 

fn fi^rticiulaf* one can pbsi&jv^ tliat M sjQj 
mU of iho oolpui &i§naJ str^arp belongs to this rait fer 
j s 1 . 2, . . ,N and 1 5^ D, 1,2 . , . d?i^ esin ^l^o observe t^iat 
each output sign^s gequenee conrtpnses at ieast one 
codeword. Denole t^i^ K*^ signal <rf th0 

vk- On ^ can furJher observe that the signals Of «acli 
cpdewprd beiGfigs to at iea^^^ two diftgj:Of^ rails an<i tf>i^ 
jt^ one of S9!d N raiJs compfisos she signals ^^.^jj^^ 
through jj^^^j^, for at l^at one value of x (e.g , U 9) 
and a setectsq "^a^^s 

In acidiliqn Jica?^ b0 qb^^rvod rec^^iviSr 
affsingernent 0: 7 that btKiau&G fican beirnpferrMgnl- 
ad witfi actyal deiay lines. 0,9.. hajd-wjf e shiU regi^lars, 
the receiver can aper ated I0 pmvtde higher throitgh- 
pUMhan woiiid typ:£:al^y bo obtainable Us^hg a random 
9cc£3&;& mempry Imp^^menlatio^ t6 eniul^ia the actfen 
pf those deJay ?in«3S given any pariipiubr i Wl^i^i^^^ 

In high'data^sp&e^::^ supplication?. 

The arrangeirient of 5 sliiistral es one specif i^^ 
incomlrtcj stream of f^S codeW FIG B 

presents an alternative assunpec^ incoming ^irearTi, 
which is expresseo belovy {^g^im^^ 
RWJI, redundant signsls). 

th«^ jnpijt stream i^^lrritfar to ths stream suggested 
by Galia^er, except for the very crucial differehca 
tihe starting points o? the dilerent RS codewords are 
staggered ThuSi ff?stead ot developing a if/ix* inter- 
Seavih^. what acdc3^ c0m&^^ 

the riSacfG ^^ucturie plT an ei^cckSer responsive to ^ 
the signal depsctetl ir> FtO 0 is^^ sarne as the one de"^ 
picted in Fl Q 6 However, the control of the n:>uier and 
the RS decoc^ers m djf^G rent 

To revtew; in connection with the FIO. S, the mput 
feighels are f jrsi Inserted into cpdefs 20>^30 through 
2a-2&, skipping coder 20-30 for 4 cycles and router 30 
cycled eoder^^ l^d^l i[hrGU^&^i 60^3^ tor the 4 ic^cjefS ; 
lliereali er. the yeifynesn byte i^j^ in codei i^O^a^, 



the fbUovtfjrig byte is jnserted into ccfder ^Q i ^ and for the 
nejst 4 Cycles coder 20 29 is skipped ^ind router 30 cy^ 
cje^ through i^den^ gC^SO through 2!0^2S for the 4 cy- 
oies. 

In GOnnectipn with the FIG, 8 signal, the input sig* 
nals af^ also first inserted into coders through 
sktppmg CGder 20^30 for 4 cyclers The vmy nejd 
input signal is again entered into coder 20-30, coder 
20-^& is skipped when Hs turn arrives. Ho wevigf; and in 
contradietibn, router 30 cycies thmugfi cpdej^ 
ihstju^h 50^30 1^^^ 

li may be notedlbat in bot 
RS(n, n-r) may be used with any r, O5^f<nv "T>te f^umb0f 
ot encod^f^ i$ determined by tJie irtierleaving df5pth. 
which Is chosen to be 30 throughout the t^L The mim^ 
leaving depth certainly does net have to be 30. M has 
hpthtng iDdP yi^h ih^ ^f^yi^t of radM r Fyrtf^er- 

more, it can be choei^npio be fnciep^^ 
n of the RS code (n is chosen to be 1 20 throjjghoyi the 
text), although f or sonrie r^*s the inter! ©ay ei^ and deinter- 
leaver based on FIO ^ 5 can have a nfee struci ure 

tt may be further noted thai a r? umber of practjcal 
design considerations that are dommonly erjcountered 
in cocte^r anct d^oder design^s ^vch as described here 
hB!sfk nds been ^ar saike df bi^ 

exeniple. it rnay be hc^sd ilia ssignal corning into 
rpyter t o has a slightly diff erent rats than the signal ex- 
iting router 30. Specif scatfy, in the time trarne there 
are 116 s;igrva!s ^^QJTisr^^ in an^ t2Q ^Signals {30in^ out 
thfs slight rafe change Is conventional iy a ccou 
by providing a buff er sn b^pck 
delay \n each eiiC«xSe^ sumce t here is a oor re- 
sponding rate change in the dehterleave/ b^ 
signal ai switch 40 and the signal at switch: 63; 

Whereasthe hardwareernbcH^^ 
gestsdeiay lines, it should be understood that other si or> 
89© rrvediav such as sernjconductor frsamories, can be 
used with identical effectiveness Also, it should be un- 
derstood that although this diSCteure ernployed^^^R 
Sqfomoin cpdir^g. qithef ^^c^^ 
wsedi. 

The iriventfoh is disc?o«ed herein in the cdnteJit o? 
sp-calJed biock enqoding, of which Haed^olomon cod- 
ing is an exarnple, in feiocK coding arrang©^^ 
daierrnined nunriber or coder output ssghaJs coni 
codeword whK:h cart be deocxSed without reference (o 
af5y other outputs pf the en?:cx)er 
iot exa*T^#ite, ihstt nurriber of coijJer t^uii::sii^i>ate fe^ 1:20. 
H0weyer( the invei^jjc^ rnot fimiftecJ tq tjeingj ti^ed in 
coniufiGtioj^ with btoc^ f^Mhe r, alluded to ft e re- 

inabove. \X can aJso be used in arrangement s in which 
the encoding ts^ far ojcample, so^aS^ed eonvolutional 
codmg. JThe tatter is not to bo confused with oonvolwr 
Uonal ints rieay^ng. which is def ined hefeinabbve a re- 
Igtesj to the fnanner in which -the; :cdc^ 
fange<ii in ^ P^tput;: signa! ;$|res|rt>;) jr% a^^i^^ 
t^kx; syeh aW a iSQ>caHe«* fre^^^ 
grpap of ppder output signal can be segmepted from 
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DMipul word is of indefinite (anglh. 

A^lhOijQh in the ihi^ ^IJuslrativ^e embodiment varfous 
fuf^^;t^ona^e'em0n^sal^ disclosed as fe^^^ 
tildes and, mcieed. couid^ b^^ $ 
be recogfrized by those skilted 

in the jorrn of pne br riiipre general i>urpose or ]^p#c»^i 
piirpose processors which have b^en prograrnrrjed to 
peftorm th^^ f UfidiiDns 1^ w 

The r^umencai v^ii^es lor yadoys pafameti^r^ U5<^ 
herem ar or DGU r^^i iHiM«tratiya ^nc^ ca t)0 chosen t& 

f It !h0 nm^^ 0i arv^^i^kr^^ trr© iri- 

It WlK thus be reatized, rnqr^ g^n^raffy; that alJhcugh ts 
tm imm^ion i$ dtseiose^j harain in th^ coni^jci ofpartic- 
uJar &rni)c<jijr»@nis. ili^is^ $kili in th« art wiH be aOI^ t6 
devise ngmeroy^ otn^r arrangements wtiich, althqugJ* 
mi expficitiy shown Of dascribed h^areirs, ^misody the 

h A fTiethcd of oncoding a stfearn of Itipui sJ^afo to ^s. 
g&narat® a siraai-n oi ^ncodad oiitpul sjgnal^, ihs 
input si gr^{ stream eon^prising N jfiput signal sie^^ 
quert«?os and ths owtput sigRai stream comprising 
N output stgnst s^Queflc^s. each of the output 
nal seqijenees being g^noraiad irj ri^sponse 1o a 3Q 
corresponding on© of the input signal sequences 
using at least a firsl predetermined redundancy 
code, the ancoding baing such that successive in- 
put signals; of aach of the input ye neas can be 
posit5onal}y mapped to successfve output signals of ^ 
the coriesponding output sequence white, h addi- 
tba sMGCessJve input Signals of the input signal 
stfeam can be posit ionaUy mapped to successive 
signals of ih© encoded ouiput S5gna^ stream, 

charactertxed in that at \easX certain $ucce$- 4{i 
sive one% the sigrsals in each output sequence 
are spacod from one another within the ouipul sIQ" 
nai siream by more mart N. 

2, A method of generaihg an batput sigrta? stream 4S 
connpnsing ancDdad bUlpot signat sequerices. 
each output signal seqUenee corresponding to one 
of N inpiil signai sequences, said a rrangemervl uii^ 
tiztng F^ijjfidancy erttsodi^^ and Irii^l i^d systenfiatic 
CQrtyo^^tidnal ini^rfeaving io Qfinerati^ fh^^ S9 
signal str<S!^m. 

<:Hiafa^ite^^i^ed m^i^ iserlain succes- 

sive ones orthc signals in each encode 
nai set^uenca are spaced from^ o within 
th0d*^t|Hji%h^i^^ ss 

signals to devri^ Otrtpul signals, safe! 



strearn of output signaJscompfrsing said stream 
input signals in its origir^al order comt^inad with an 
associated piufality of redundant signals, each of 
the ned undant s jg naJs being a f unciibo of a psessde - 
ternitned group of said irtp^ 
at feast a f if st predetei^mir^ed t fed#sdiancef todki the 
puipyt signals betong^ng to each said group, as welt 
as the assQciaied redundant ssgnalSi appe^r^^^ in 
said oytjp msifeam 

4v A method Q« encoding a $tri^am pf input eignals tes 
generaie a stream pi encoded output signals, the 
inpui signal stream comprising N inpui signsrse- 
quences and the ouipui signal stream compnssing 
N output signal sequences, each ot ihe output sig- 
nai sequences being generated In response to a 
corresponding one o? the lappt ssgm\ sequences 
using at least a first pre^ibternii^ reduncfency 
code/iih^^c^ such thart succe&sivfe in-^ 

put stg^afe of eatijiH of the input sequer?ces can b© 
positionai Jy mapped to successive output signals ol 
the corresponding output sequence ^srf^ile, in ii<3di* 
tion, successive inpt^r signals of the input signQl 
stream can be posUsonalfy niapjsad to succ^^esiy^^ 
signals cf the encoded ^jutp^wr^ijQnial Stre^ iib^ 
(NT + &j9nal of the outpuJ signal stream b eiong- 
in^t6thej»»»6rie^^^ 

ci^^racteri^ed in that the signals of each out- 
put sjgnai sequence beiong to at Saast two differenJ 
fails, " 



A meihod tor use in a syst^rtl lr> Viitifeh a $ir<^nn of 
snput sigr^als \$ encoded to generate a slream of en- 
coded output sjgnaJs, the input signal stream ccht>^ 
prlsin§^N input signal sequences and Jhe output sig- 
nal sf^aiT! comprising N but put signal sequences, 
each ot the outpul ^rgna* sequences being gener- 
ated in response to a corresponding one of the ?npMt 
signal sequences using at Jeast a firsi predeter^ 
mined redundjctncy codii, the encodihg being stJCh 
that jgu^Sj^^iye inpiJi signals of each of the snput 
sequeHTices can be 

sive Qutpul signatg of the corresponding output se-^ 
quenc© while, In addition, successive input Sfgnals 
ol the inpLst signaJ streanri can be positidnally 
mapped to successive signals ol the encoded put- 
put signal stream, the method comprising the siepe 
of ■ 

receiving saict Stream pf enc«cf&«^ output sig- 
nals; and 

decoding the rece ived stream of ene^ed ou^ 
put stgnaf^ b recover said MriJ^rii^^ <^ sig- 
nets^ 

tf\0ri^G^pr}Z^ m^s^ certain syccies'' 

siye <5fie$ o^- ihe s^^gria^s iri eecb output sequsfic© 
^re isipac^d iftjm oris ar)pthier i^ii^ the b^put sfig- 
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nai stream bj^ more tttari H, 

0. A m^thbd fe? us^ receiver of a ^i&iem in ^i^qh 
ah biiipMt $%ji$t s|f^ qy^riripiisihs N ert 
put signal: seqiiieriG^s i^ g^n^rateid ^rw^ t ran $^ ^ 
to s^jd receiver, each omput sicjnaJ sequence cor- 
f8©pQnd?n9 tc^ omoi H input signal 50<!|iJertc«JS^saici 
sysmm b0ing of a typ^ wti«ch >jt^}i^oa redurtdane/ 
encodfng af>d implied sysiematic cDnvolutfonal ir\^ 

reeeMng oulput signaf streanriv and 
f^ty^Qung H input ^ignar s^cju^^n 

<^^ei^r|^^(ji: triat 'm Ic^dt certain succes- 
sive or^^s Gf the^jgn^is in each enc^ 
iial sequence ^r^ spgiced f rpm qn« another within ^9 
tha oMtpui a|§nat stream by mom than Of daims 

7. the met^^qd arty of cJaimi^ t , g ^ ot- 6 wt>i?r0in 
each M tHd pi^tptit ^i^hsti sequ^ricb^ ]i?OfTiF»rii$^gs a 
plurality of sufesoquonees and whoroin, for at l^ast 
or*0 vaJue of J , ^nd the i**^ suba^qu^npe oprr^prtee^ 
Sj signals ywi^ith are spaced fronS arte another in 
said oiJtpiJt $^9nal stream by and tiie last ^i^nai 
ot said r*^ subsaqijence is spaced f rqm tha timi ^iQ- ^ 
naJ of ih0 (i+ T)^ sub^eqyj^nee |>y fH. 

A method Gcirnpi"! sing th^ step or reoovering an or- 
der^d stre^rr^ brinptit signals 
strsarn ot qytpul signals ganerateid i^y 

ehcciding satcj D^H^ ^^r^am cJf inptit signals^ said 
stream of outi^ui sjgnpls cpmp? 
ifjput sfgnals ^rj its qrigri^aJ ort:i^r c^rnb^nod wHh an 
as^cKSjatbd radurtdani $ig[nai&. each of 

the re^ynd^ar sigpai^ be a fu nclion of a pnede- 
ternrrinecJ 9fQi>p of $aid inpui signals as d^fin^d by 
as teasi ^ ftfst pmdetcsnTij^ m^undanoy <5Od0, the 
dotpot algnais b^elQp each said gjoup> as WfJii 
as the as$cx:iat6d fedundani si^nais, appoaring in 
saia oytpijr stream With non-U nitorrn spaei^ 

^. A methQcJ ?or use ii> a sv^tem in which a stream of 
ihpuisign^t^ Is enc6d«id W ganerat@ a sir^^am 6! en^ 

cpd^0 qutpt^t sfgr>^l^, the iripji^t signal stream corn- 
prfS=ng hi input signal se<^uahc)&s and tfee outp sf g- ^ 
nal stream cc3jnprisjng N outpu 
each of Ihs autput signal saquenGes bepg gen^r- 
atefd in rosi:HDr:^(S toe corfesponding^c^ of th€j input 
Signal seqtji&y^cas using at least a first prddstor- 
minees redy r^dancy ^ 0h^cGd^^i!9 being sUc*]! 
lhal^MGe^$$5ye^>1^ each of iripyt 

sec|tji0ni5ss <;&rs be piG^iibnally mapped id^^^^ 
sive dutpts* fiigi^ls ef I 



quince white, tri additidn^sueeassive Input signal 
of ihe- mpui signal str&am csn b© po^^ 
m^pp<&idf tQ suqcessiv© sigrisis of tbe encode qutr 
put sigrasi stir^am> Ih© t f^^ 
signal stfeafrt belonging to ih^ p one of U rails j 
sil ,2,, . and jsiO. | ,2>. , the methoGi pQ^prising 

receiving said sf ream of enowSed QUtj:!!Ut ^19- 
nate, and 

deciqiajnQ Ihe reeeived stream: of etocoded i^^^^^ 
pMt signals tt> feeder ^idiM^^aft^o? inpyt^^^^ 

nais, 

characten^ed in Ihat signals of ^ach pMt^ 
ptii s%i?ial SiBqiish^ beikwig to at li^st iWi&ditSaf ent 
ratted 

to. The methodbl claim 4 orclaini 9^^^^ each owt* 
put signal seqaertce i:Dmpns0$ at lEast ona code- 
word, the k^*^si9nal of th© rp^ codeword bemgC^^, 
charactenzed jn tJ>at Jh© one of said rails 
Gompfises the si^l^ O^, x j^d ^ wgh .x^jd*T 
fof ati^st pne valuif erf X and a selectQd value c»f d. 

11 y A method for usQ irv a rsoaivar to whleh is transmit^ 
t©d a stream of encoded output signaJs that was 
gansfated by enepding a stmam of Inpyt signalSv 
the i npijt signal straarn comprising U input signai 
saquencesandthe GutputBtgnaj stream eompris^^ 
N output stgnaKsaiqiu^neiBSi aac^ tha outpLit sig^ 
rtar Seq«^rK<0s tilling gefp in • response tdf: a 
cor responding pne of tha input signal s^scjuances; 
using atJaast a first prodatarminad radundaricy 
code, the eriebding b 

put signals 0i each of the input sequences can be 
positionally mapped iosu£;<:essive oytp signaJs of 
lha corresponding output ^eqyanea wh?fe, in addi^ 
^opv siipeessivs input sighai!s <rf the ioput signi^l 
istf^jarn can be pdsitsdnslly mapped ;b successivi^ 
signals of the encoded output ai^nar^ 
oytput signal sequence comprising at least one 
codeword; th0 k*^ signal of the m^^ codeword i^eifig 
0^ th^ ( Nt+ j sigriaiofthaou^^ 
b^lCMTiging to the j**^ ona ol H rails, j ^1 .2, ,N ^nd 
i±0, 1,2, , the one of saxi raite ce>nn!prfsif^9 the 
signal^ C?^j{^^^ throMgh c^_^,j^^, for te^ist oria 
value of X and a saJectetf vafiwe ol d, the method 
*?pmjprlsjft^ stieps Qi 

racesvin^ Ih^ transmittsd strsaiiT* of ettcddiiad 
output signals^ 

appfying thot$© signals in thq rse^ived transmit- 
ted Sfraarri which corrspris© at laast the 1^^ 
throv^^ rails Id 1*Vlbrdugh N*^ fi^St diala^^ 
liite$, r^sp^^li;^^ lha ten gth of tha j?^ «iFSt df 1^^ 
lini^ b€^rn§ dN signal periods greater 
d0(ay arriount fo^ tha j + 1 fir^t delay t 
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0 < j < 

^ss^mbling the outputs of s^lci first defay j?n6^ 
inio groups or^tgnals each CQftiprisrng the $ig- 
naig ol a respeetive on© cjf said cod^@WT€^^ 
decGdtng each df said growps of ©j^rtatis in a f^s^ 
dun<SaR?jy decoder, and 
appSy tn jj: sgcsessiye decodcsd qutpiits from said 
redur>dahiby decod<5;r to 
N^eeonci desay Jifres, respectively, the length 
of ihe second delay line b^ing dN ^igifial pe^ 
d0ds less than the delay amount for^^m^^ 
secpfid d&say ]im fof Q <l < N, and 
f ee^ef ^rtg sakJ sifeam or^^ ihefr 
origthaJ ofder, l5y ^pplyihg iiidividu^j outputs 
Upm s^id sscond detay tines, in sequence, to 
anoutpiri. 
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